Abstract-An analysis of ocean color temperature scanner [(OCTS) on board the advanced earth observation satellite (ADEOS)] spectral radiance data was performed for retrieving global distributions ofÅngström factor and exponent, which represent the aerosol optical thickness at a reference wavelength (500 nm in our study) and a spectral dependence of the optical thicknesses, respectively, over ocean. Determination of calibration constants for OCTS-received radiances and development of an efficient look-up table method for synthesizing the radiances are key issues for development of the present two-channel algorithm with use of channel 6 and 8 radiances of OCTS. This algorithm has been applied to Level-1B OCTS GAC data sets for producing three month (April, May, and June 1997) global distributions of Angström parameters. Geographical and seasonal distribution patterns ofÅngström parameters suggest that anthropogenic sulfate aerosols in mid-latitudes and biomass burning aerosols in the subtropical region are characterized by small particles having largeÅngström exponents, whereas mineral dust particles from subtropical arid regions are characterized by large particles having smallÅngström exponents. There was a fairly good agreement between satellite-retrieved values of Angström parameters and values obtained by sky radiometers located on coasts.
I. INTRODUCTION

F
OR more than two decades, efforts have been made to acquire the ocean color signature with satellite-borne radiometers. Coastal Zone Color Scanner (CZCS) on NIMBUS-7 was a successful ocean color imager that produced convincing global distributions of the chlorophyll-a pigment concentration. One important experience from the CZCS data analysis is that correction of atmospheric path radiance due to aerosols is necessary for successful inversion of water leaving radiances (e.g., [1] , [2] ). Hence, the CZCS algorithm includes an estimation of wavelength dependence of path radiances due to aerosols using the two longest wavelengths, by which atmospheric path radiances at shorter wavelengths are estimated by extrapolation. This wavelength dependence index is also very useful information regarding the aerosol size distribution so that modern ocean color imagers are useful for aerosol remote sensing. An ocean color imager may provide significantly better aerosol remote sensing than traditional methods based on AVHRR and geostationary satellites radiometers [3] , [4] . Ocean color imagers have more sensitive channels in the visible-near infrared spectral region with narrowband widths as compared with the broad channels 1 and 2 of AVHRR. While limited, one-channel radiance analyses of AVHRR and geostationary satellite radiometers have provided useful information of large-scale distribution of the aerosol optical thickness, suggesting noticeable contributions from fossil fuelburning aerosols, biomass burning aerosols, and mineral dust aerosols [4] , [5] . The above discussion suggests that radiance data analysis of an ocean color imager will add significantly new information to our knowledge of global scale aerosol optical properties.
In this paper, we report early phase study of global scale aerosol remote sensing with channels 6 and 8 radiances of the ocean color and temperature scanner (OCTS) radiometer on board the ADEOS (Midori) polar orbiter that was launched in August 1996. Data were obtained for approximately seven months before shutdown of ADEOS in July 1997. This paper will discuss determination of sensor calibration constants, the present algorithm for retrievingÅngström parameters, and interpretation of three monthly composites of OCTS-derived aerosol data. Our approach for aerosol characterization is based on the use of two-channel radiances in the visible-near infrared region similar to Higurashi and Nakajima [6] for application to channels 1 and 2 radiances of NOAA/AVHRR. In the latter part of the paper, we will discuss some comparison of the AVHRR retrievals with ground observation.
II. CALIBRATION OF OCTS RADIANCES
The most important but difficult challenge in ocean color and aerosol remote sensing with a satellite-borne radiometer is calibration, and, therefore, there have been extensive calibration efforts for characterizing satellite-borne radiometers (e.g., [7] , [8] for POLDER radiometer). OCTS is a cross tracking imager with spatial resolution of 700 m and with 12 channel, as summarized in Table I [9] . Each scan of the cross tracking mirror captures ten line images by ten 0196-2892/99$10.00 © 1999 IEEE [10] , was the only early phase experiment with complete sets of vicarious calibration and validation data for ocean color and aerosol remote sensing with simultaneous OCTS overflight. In the measurements, a shipborne sky radiometer (PREDE SKR-01S prototype) and the University of Lille SIMBAD polarization radiometer were on board the research vessel Roger Revelle for obtaining direct/circum solar radiances and upwelling radiances from the ocean, respectively. The sky radiometer, PREDE SKR-01S prototype, is a multispectral photometer that can measure direct solar irradiance and diffuse sky radiances at wavelengths of 315, 400, 500, 870, 940, and 1040 nm. From direct solar irradiance and sky radiance distribution, we have obtained the columnar volume size distribution as a function of particle radius by the method of Nakajima et al. [11] to solve the following integral equation for the normalized circum solar radiances: (1) where is the direct solar irradiance and is the radiant flux received by the sky radiometer in a sky direction of polar angles with a solar position is the solid view angle of the radiometer, and is the contribution of multiple scattering. The kernel function is given in this paper by the Mie theory with a complex refractive index of aerosols as 1.45-0.005 which is a suitable value for the observation situation. The aerosol volume distribution is then obtained after iteratively removing the multiple scattering contribution Movement of the ship was detected and compensated by a sun tracker, Global Positioning System (GPS) sensor and level sensor of the PREDE SKR-01S system. As discussed in Nakajima et al. [12] , the retrieved size distribution is not strongly affected by calibration of the radiometer and by the assumption of the ground albedo and the refractive index if forward scattering angles are used for the inversion. In our case we use a scattering angle range of for inversion of (1). The retrieval also does not depend strongly on the vertical distribution of aerosols in case of almucantar scan with the zenith angle of viewing direction equal to the solar zenith angle, which is our case.
Due to frequent malfunction of the prototype SKR-01S system, we have only one complete measurement set of sky radiances and upwelling radiances at a location on November 1, 1996, off Santa Maria Bay (33. 75 N, 120.17 W). There was a high pressure (in a range of 1021 hPa and 1023 hPa) over the western U. S. Great Basin with a weak wind condition of 3 m/s from the northeast direction. Fig. 1 shows volume size distributions inverted by the above-mentioned method with normalized radiances at wavelengths of and nm. Reconstructed errors of the measured normalized radiances with the volume size distributions are within 7%. There were three modes in the observed volume size distributions with mode radii less than 0.2 m, around 1 m and larger than 10 m, suggesting three aerosol sources of accumulation mode, sea salt mode, and sea-spray and/or dust particles, respectively. The size distributions have a dominant submicrometer mode and less dominant coarse particle mode, suggesting a strong gas-to-particle conversion activity on this day.
With the volume size distributions thus retrieved, we can synthesize the optical thickness, phase function, and further, OCTS-received radiances. Fig. 2 shows a time series of the aerosol optical thickness from sky radiometry as described above and from usual sunphotometry with the SIMBAD radiometer. The SIMBAD radiometer can measure direct solar irradiance and upwelling diffuse radiance in spectral bands centered at 443, 560, 670, and 870 nm. Polarization filters are used to reduce reflected skylight in the instrument's fieldof-view. Fig. 3 shows the spectral dependence of optical thickness from PREDE and SIMBAD radiometers at close local times; 11:05 and 11:08, respectively. There is an overall similarity between optical thickness spectra obtained by the two methods, but with a slight difference in the range of 20%. Unnatural fluctuations in the optical thickness from the sky radiometry as a function of time suggest some problem with the sky radiometer data for obtaining the optical thickness due to movement of the ship to which the sky radiance method is sensitive. Nonetheless, we see some advantage in the sky radiometry method for obtaining aerosol path radiance, since 1) the inversion of the normalized radiance does not need a calibration of the radiometer, 2) the normalized radiance is almost proportional to the aerosol amount and hence is sensitive to a small optical thickness typical for the ocean environment, and 3) the synthesis of satellite-received radiances is performed so as to be consistent with sky radiance distribution, which is a stronger constraint than the optical thickness wavelength dependence in the usual sunphotometry.
With a full radiative transfer package, P-Star (polarization subsystem of the system for transfer of atmospheric radiation) developed at the University of Tokyo, which includes polarization effects in a coupled atmosphere-ocean system with wind-roughened sea surface, we have simulated OCTSreceived radiances with the optical parameters retrieved with the sky radiometer data and the response functions of OCTS channels provided by NASDA as follows: (2) where is the atmospheric path radiance plus surface reflection contribution to the total radiance calculated with the atmosphere and wind-roughened sea surface system loaded with aerosols having the size distribution retrieved by sky radiometry;
is the water leaving radiance upwelling from the ocean body; and is the optical thickness of the atmosphere truncated so as to include diffuse transmission. The ocean surface reflection model is that of Nakajima et al. [13] which is based on the Cox and Munk wave slope statistics. We ignored the white cap effect discarding data with wind velocity larger than 15 m/s. We also ignored upwelling radiation from ocean body because this effect is not so significant at wavelengths under consideration. Ozone amount, surface wind velocity, and water vapor profile were obtained from TOMS archive, SSM/I archive, and NCEP objective analysis, respectively. The simulation results are shown in Fig. 4 and Table II in terms of correction factors labeled SD obs. in the following expression for the OCTS-received radiance in th channel: (3) where is the radiance estimated by the preflight calibration constants. According to NASDA, there is essentially no offset, so that we can assume In order to study the effect of the assumed size distribution, two other correction factors are calculated using NASDA's operational algorithm of CZCS type radiance simulation [14] with two aerosol types TR50 and MT80, i.e., tropospheric aerosol model with relative humidity of 50% and maritime aerosol model with relative humidity of 80%, respectively. Fig. 5 shows that the present retrieved size distribution is between these two size distributions with respect to dominance of coarse particles. Correction factors corresponding to these two size distributions are also shown in Fig. 4 and Table II with labels TR50 and MT80. It is found that all the estimates agree within 1% for channels 1-4, since the molecular scattering is dominant with the small optical thickness less than 0.1 even in channel 1 in the present case. On the other hand, the correction factors for channels 5-8 depend on the methods with differences more than 10% at maximum, with an increasing tendency with increasing contribution of coarse particles. This observation suggests that a reasonable retrieval of columnar size distribution is essential for obtaining accurate calibration constants at longer wavelengths with the present method.
In order to get independent estimates of the correction factors, we have investigated OCTS radiances, plotting radiances against aerosol-free theoretical radiances for each pixel on the globe (Fig. 6 ). Since OCTS-received radiances in channels 1-8 increase with increasing aerosol optical thickness outside the sun glint region and, without strong absorptivity of aerosols [15] , all the observed radiances outside the sun glint region are expected to be larger than the theoretical values for aerosolfree atmospheres (4) We have selected minimum radiances in each latitude-longitude box of 0.5 0.5 to compare with which are calculated for aerosol-free atmospheres with underlying sea surface. A suitable calibration curve should be the upper bound of such a plot, excluding several pixels which cannot be explained theoretically. Based on a detailed examination of such plots, we have determined the coefficients of the calibration curves as W/m str m, W/m str m, for channels 6 and 8. We did not set to zero in this procedure because we feel there is an offset in the plots. For comparison, we drew several calibration lines with different calibration methods (Fig. 6) . No difference was observed between the MT80 method and the SD-obs method. The convergence of calibration lines other than the TR50 line suggests that this type of plot is useful to determine the bound for the region of existence of realistic calibration lines, at least for channel 6. Table II lists calibration coefficients obtained by this minimum radiance method shown in the column labeled Rad.min.
Another two sets of the correction factor have been obtained by Fukushima [16] as shown by values labeled MOBY and YBOM. The former is based on a tuning of simulated radiances to AVIRIS overflight radiances and radiance values measured by the NASA Marine Optical Buoy System [17] (MOBY) off Hawaii. The latter is based on tuning of simulated radiances so as to be consistent with radiance values measured by the NASDA Yamato Bank Optical Moored Buoy System [18] (YBOM) in the Japan Sea with preset value of one for channel 6. It is found in Table II and Fig. 4 that there is a significant uncertainty in determined calibration coefficients for channel 8. In the SD-obs method, it is possible that the coarse particle mode was underestimated in the retrieved size distribution of the CalCOFI 9610 campaign. In principle, vicarious calibration methods need many measurements to reduce measurement errors. For the radiance data analysis in the following sections, Rad.min values will be tentatively used for calibration constants in channels 6 and 8, since the constants can generate reasonable aerosol distributions consistent with ground-based observation as shown in later sections.
III. DEVELOPMENT OF AN AEROSOL REMOTE SENSING ALGORITHM
An efficient way of reconstructing theoretical values of OCTS-received radiances is an important issue for realizing successful retrievals. For this purpose, we have developed two types of look-up tables. One is adopted for NASDA's operational algorithm to synthesize radiances. For the discussion we define the apparent reflectance as (5) Fig. 6 . Plot of observed minimum radiances versus theoretical molecular scattering radiances in channel 6. Solid lines are calibrations obtained by various methods shown in Fig. 4 and Table II. where is the extraterrestrial solar irradiance in the th channel. The apparent reflectance is further decomposed into several components as follows: (6) where correction factor of gaseous absorption; linearized singly scattered component of aerosols including gaseous absorption along the ray; aerosol-molecule interaction component; molecular scattering component; singly scattered sun-glint component including attenuation by molecules and aerosols. and are, respectively, given as (7) and (8) where and are single scattering albedo and optical thickness of the airmass, is the scattering phase function, and is the aerosol optical thickness at wavelength of 500 nm. and include the interaction between sea surface and atmosphere but with a fixed mean wind velocity at 7 m/s, because these components depend weakly on the wind velocity at 10 m above the sea surface. These approximations are similar to those of Gordon and Wang [2] that expand the aerosol-molecule interaction component by the linearized aerosol single scattering since they observed the following approximation: (9) A benefit of (9) is that the aerosol optical thickness is directly obtained by an inversion of the equation. Furthermore, the coefficients are weak functions of angular coordinates. In NASDA's operational algorithm, mainly due to computational resource limit, the maximum order of expansion in (9) is set as or depending on angular condition of solar insolation and emergent angles. We have developed a more accurate look-up table method for research use based on Higurashi and Nakajima [6] . The following formula is used for decomposition of the reflectance into singly and multiple scattered components:
and (12) The exponential term in (12) is introduced to compensate some exponential dependence in (11), taking into account the observation of Gordon and Wang [2] that a linear dependence is important in the total reflectance given by (10) . Gaseous absorption correction factors are given as (13) and (14) where is the absorption optical thickness of ozone. Absorption by other gaseous components is included in the optical thickness and single scattering albedo in (11) and (12) . The correction factor for water vapor is tabulated with angular coordinates and water vapor amount as gridding parameters. Since the band widths of OCTS are small enough and band locations are designed so as to avoid strong gaseous absorption, the gaseous absorption correction is not a significant issue in the radiometry of OCTS, as compared with the situation of AVHRR. For our use of channels 6 and 8 in this study, the water vapor correction is not needed, so that we set Fig. 7 shows an example of error analysis of the above two formulas associated with (8) and (12) in the principal plane
In the simulation, P-Star has been used for evaluating true radiances in the coupled-atmosphere ocean system with wind roughened surface including polarization effects in the atmosphere and sea surface. It is found from the figure that large errors exceeding 0.001 appear in the region of with (8) and whereas (12) with gives the region of errors exceeding 0.0001 only in Therefore, we will adopt (12) with for data analysis shown in the next section.
IV. ANALYSIS OF OCTS RADIANCE DATA
In order to obtain the aerosol signature, we have applied the algorithm of Higurashi and Nakajima [6] to spectral radiances of channels 6 and 8 of OCTS. The retrieval parameters are Angström parameters in the following expression for the spectral optical thickness as a function of wavelength , i.e.,Ångström's law:
Hereafter, and are referred to as theÅngström factor and exponent. TheseÅngström parameters are also observable in sunphotometry and sky radiometry and are suitable for validation by ground-based sunphotometry and sky radiometry. Furthermore, a scatter plot between and is useful for aerosol characterization as shown by ground-based radiation measurements (e.g., [19] and [20] ) and from recent AVHRR retrievals by a two-channel algorithm [6] , [15] , [21] . The combination of channels 6 and 8 of OCTS is similar to that of channels 1 and 2 of AVHRR in terms of wavelength ratio, i.e., m and m versus m and m , but better in terms of spectral purity of radiances without significant gaseous absorption in the bands. Especially the insignificant effect of water vapor absorption greatly improves the reliability of the retrieval with OCTS radiances.
As for the aerosol model, we assume a bimodal log-normal size distribution with prescribed mode radii and dispersion in order to constrain the two-channel retrieval, (16) In our analysis, m, m, and which have been determined so as to realize the best fit of AVHRR-derivedÅngström parameters to ground-based values [6] . The complex refractive index of aerosols is assumed to be 1.5-0.005 for both channels. With prescribed mode radii and dispersions, we are left with two undetermined coefficients to be determined from two spectral radiances in channels 6 and 8. Since there are unique relationships between and and between and , we can directly search using look-up tables by an iterative procedure. In the present study, we adopt defined by a log-linear regression fit to in (16), which can be calculated with given at five sunphotometer wavelengths , and nm. We take this indirect definition of theÅngström parameters, not defined at satellite wavelengths, in order to find values effective within a broad spectral range from 400-1000 nm. Fig. 8 depicts three monthly composites ofÅngström parameters from Level-1B GAC data (April, May, and June 1997). The OCTS spatial resolution of 700 m 700 m is advantageous for cloud screening compared with AVHRR (1 km 4 km for GAC) and POLDER (6 km 7 km). We segmented the globe into 0.5 0.5 latitude-longitude boxes and applied the following selection rule of a cloud-free pixel for the analysis: 1) discard the segment if it contains more than 80% of the total pixels with ; 2) discard the segment if the lowest 15% reflectances are ; 3) discard the segment if the root-mean square deviation of third through fifteenth lowest reflectances exceeds 0.02; 4) select the third lowest reflectance in channel 6. Angular condition for the analysis is limited to and A gap around the equator in the figure is the area where no data were taken during mirror tilting of OCTS to avoid sun-glitter reflection.
General features of theÅngström parameter distributions are similar to those of AVHRR-retrieved distributions reported by Higurashi and Nakajima [6] and Nakajima and Higurashi [21] . The Saharan dust layer was abnormally small in 1997 as compared with other years [4] , [5] . On the other hand, aerosol activities look very active in the central America and the Indo-China regions. The central American aerosol layer is characterized by largeÅngström exponents. Since the Angström exponent increases with decreasing volume peak ratio largeÅngström exponents suggest an existence of small particles in this region, and, therefore, suggest that gas-to-particle conversion was vigorous by forest fires active in this season [22] . It is important to note that outflow of aerosols from China to the Pacific Ocean is characterized also by largeÅngström exponents showing an existence of small particles. As studied by many investigators (e.g., [23] - [26] ), the April-May season has frequent outflow events of Chinese mineral dust particles carried by travelling low pressure systems to the areas of Japan and adjacent Pacific Ocean. One expects, therefore, that coarse particles should be dominant in the region during that season, contrary to the present satellite observation. Although validation experiments are needed to understand this contradiction, it is useful to know that there is evidence of long-range transport of anthropogenic aerosols from the continent [27] , [28] . This suggests that sulfate aerosols are also transported by migrating low-pressure systems from East Asia into the Pacific Ocean region.
It is interesting to note that the Indian Ocean region was dominated by small particles in April, whereas large particles were dominant in June. According to Herman et al. [29] , UVabsorbing aerosols were dominant in the April-August season of 1988 in this region, but the distribution of aerosols was different in April-May from that in June-August. In the former period, the entire Indian region had a high concentration of UV-absorbing aerosols, whereas semiarid areas of the Pakistan-Middle East region was dominated by UV-absorbing aerosols in the latter period. Those two satellite observations suggest that the April-May period in this region had a mixture of large mineral dust particles and small sulfate and/or biomass burning aerosols, whereas the June-August period had large mineral aerosols. LargeÅngström exponents around Indonesia and Australia in May-June can be attributed to biomass burning aerosols triggered by early onset of the large El Niño event in 1997.
Validation of the present satellite retrievals is important in order to support the interesting findings of aerosol distributions discussed in this section. As part of NASDA's OCTS project, we set PREDE skyradiometers at a coast site of Niigata city (37.92N, 139.00E) and Hedo Point, Okinawa (26.86N, 128.25E). Fig. 9 compares the satellite-retrievedÅngström parameters and those measured by sky radiometers. Satellite data are averages over 150 km 150 km areas and groundbased data are daily averages. Although scatter is large, there is good correspondence between satellite-retrieved and ground-based values ofÅngström parameters, especially for theÅngström exponent. In this regard, it is interesting to compare the result with those obtained with the POLDER radiometer [30] . They adopted 670 and 865 nm radiances of POLDER for retrievingÅngström parameters, which are very similar to ours. Twelve aerosol models with mono-modal lognormal size distributions were prepared with different mode radii to cover a range of theÅngström exponent, instead of our tuning of two volume peaks of the bimodal lognormal size distribution. The real part of the aerosol complex refractive index had values of 1.33, 1.40, or 1.50 depending on the aerosol model, and the imaginary part was fixed at zero, whereas we assumed one refractive index of 1.50-0.005Ångström parameters for validation were evaluated at the wavelengths of satellite channels, whereas we used an averaged value at regular sunphotometer wavelengths. Despite of several small algorithm differences, both algorithms produced a good correlation ofÅngström parameters with ground-based validation values, indicating the ability of satellite remote sensing to retrieve realistic values ofÅngström parameters. In this regard, it should be noted that there is a very good correlation of the POLDER results with groundbasedÅngström exponents. Optical thickness retrievals with POLDER also showed a good correlation: better than our results. It is interesting to note, however, that POLDER results showed a large variety of the optical thickness at 865 nm larger than 0.3, which are almost all our cases shown in Fig. 9 . This indicates that aerosol layers with large optical thicknesses are spatially and/or temporally highly inhomogeneous and are not so suitable for validation, and, hence, difference in the degree of correlation between the two studies may be attributed to difference in the degree of turbidity at validation sites. Unfortunately, we do not have such remote sites with less turbidity for our study. Another important difference between the two studies is selection of ground data, i.e., POLDER validation was based on data collected within 30 min of ADEOS overflight time. Spatial average of 100 km 100 km is also better than that of 150 km 150 km in the present study.
V. DISCUSSION AND CONCLUSIONS
It is clear from the preceding sections that the present OCTS data analysis is encouraging and useful for depicting the global distributions of aerosol optical properties. In spite of uncer- tainties in the calibration of OCTS radiances, we successfully retrieved global distributions ofÅngström parameters which indicate realistically the aerosol characteristics on a global scale. Such confidence comes from validation with groundbased sky radiometers as shown in Fig 9 and also indirectly by examination of POLDER results. Although there are similar products ofÅngström parameters derived from AVHRR twochannel radiances, such remote sensing is difficult due to strong water vapor contamination in channel 2 of AVHRR. Therefore, it is interesting to find similar features in Fig. 8 in terms of spatial distributions ofÅngström parameters. It should be recognized that those two channels used in this study have practically no contamination by water vapor absorption. Therefore, it can be concluded that the present retrievals support AVHRR two-channel aerosol characterization as well as usefulness of ocean color sensors for aerosol characterization. Fig. 10 showsÅngström parameters zonally averaged over ocean in April of 1990 derived from AVHRR and of 1997 derived from OCTS. Although some of the differences betweenÅngström parameter distributions in 1990 and 1997 can be attributed to technical differences in AVHRR and OCTS algorithms, we can find several interesting differences which look realistic. First of all, it is found that the northern hemisphere has larger optical thickness andÅngström exponent than those in the southern hemisphere by about 0.08 and 0.3, respectively both in 1990 and 1997, indicating significant effects of human activities and biomass burning, consistent with previous reports [5] , [22] , [29] . Zonal distributions of the turbidity factor in 1990 and 1997 are very similar to each other showing two peaks at around 7 N and 40 N in the northern hemisphere, other than the broad peak around 20 S. Although not shown in a figure, close investigation of the derived global distributions indicates that biomass burning aerosols seemed to be prevailing around South Africa and Western Australia in April 1990, producing large AVHRR Angström exponent values around 20 S, as shown in Fig. 10 . The turbidity peaks around 40 N is associated with large Angström exponent values, so that the peak can be reasonably attributed to industrial activities and biomass burning in populated areas in the northern hemisphere. On the other hand, the aerosol composition responsible to the turbidity peaks around 7 N is rather complicated. In April 1997, the northern half of the peak consisted of small particles and the southern half with large particles as compared with the situation in April 1990. Such a characteristic distribution of small and large particles is possible by year-to-year concentration variation of mineral dust aerosols and biomass burning aerosols. In April 1997, thick small particle layers were observed by OCTS around the Philippine, Indian, and Central American regions, while Saharan dust layer was weak in this year. Moulin et al. [28] showed a large intra-and inter-annual variation of the mean Saharan aerosol optical thickness in the Mediterranean-Atlantic region correlating with the North Atlantic Oscillation (NOA) index. Saharan aerosol optical thickness can fluctuate by more than 50% for the same month in the year, because there are significant differences in the amplitude and phase of general circulation in the region. A study of NOA index of 1997 has indicated a weak Saharan dust storm development in 1997. It may be concluded that the magnitude of radiative effect is of the same order between mineral dust aerosols and biomass burning aerosols in the tropical region. This conclusion is important for energy budget studies of the earth-atmosphere system, since it can be changed significantly depending on the seasonal and annual variation of the emission strength of the two types of aerosols.
There are several important tasks we have to complete before obtaining final aerosol products from OCTS radiance data. Further validation of the products is necessary, since the quality of the products is very sensitive to the calibration of OCTS spectral radiances. Comparison among products from OCTS, AVHRR, and POLDER will be especially important, since characterization of the sensors and cloud screening procedures are different for those products. Calibration of OCTS radiances should be improved with more data analysis and validation data. It is also important to produce Level-1 GAC data sets for IR radiances, with which we can develop improved cloud screening procedures. Rejection of thin cirrus clouds and invisible small clouds will be improved with IR radiances. In conclusion, our experience with AVHRR and OCTS suggests that simultaneous use of visible-NIR-IR spectral radiances has an advantage for aerosol remote sensing over traditional use of visible-NIR radiances in ocean color remote sensing, since aerosol remote sensing needs absolute values of radiances rather than relative color information used in ocean color remote sensing. In this respect, it is satisfying to know that future satellite-borne radiometers, such as EOS-AM1/MODIS, ENVISAT-1/MERIS, and ADEOS-2/ GLI, will provide global observations of high-quality spectral radiances for use in aerosol remote sensing (e.g., [32] and [33] ).
